
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



82 SOLUTIONS OF PROBLEMS. 

z 2 + (x + a cos <x) 2 = a 2 , 



Va 2 — z 2 — a cos a. 



ila? - z 2 

i sin a 

-s/a 2 - z 2 



The element of length of the arc is ds = adz[-Ja 2 — z 2 , and the required surface 
S=J2irxds = 2* fl*^* (<aT=z~ 2 - a cos a)- 0!fa 

„ r r dz n«f*n 

= 2xa z — a cos a / , 

L J -s/a 2 -z 2 J» 

[/ 2 \ a sin a "] 

sin a — cos a I sin -1 - ) = 2jra 2 (sin a — a cos a). 

If a = x/2, S = 2ira 2 , as it should be. 

The object of the choice of coordinate axes as assigned in the statement of the problem is 
not evident. 

The volume is 

//'a sin a 
xHz = it J {Sa 2 — z 2 — a cos a) 2 dz 

[/ « n 2 ~ \ "la sin a 

a 2 (l + cos 2 «)z - iz 3 - 2a cos a ( | Va 2 - z 2 + |- sin~i - j 

= -!ra{J(2a 2 + a 2 cos 2 a) sin a — aa-a cos a} 

/ 2a 2 + c 2 . \ 

= ira [ — = sin a — aa-c I , e = a cos a. 

If c = 0, V = f«i 3 , as it should be. 

431 (Calculus). Proposed by 3. W. LASLEir, University of North Carolina. 

Explain Bertrand's fallacy: 

J*=o Jy=o (a? + y iy a y ax J y =o J x =o (x 2 + y 2 ) 2axay > 
k = — iir, 1 = — 1. 

Solution by Hobace Olson, Chicago, Illinois. 

There is a theorem that the order of integration of a double integral may be reversed if the 
integrand is continuous in both variables within the region of integration. The integrand in this 
fallacy is discontinuous at (x = 0, y = 0). Therefore, the theorem does not justify the reversal 
of the order of integration. 

341 (Mechanics). Proposed by PAUL CAPBON, U. S. Naval Academy. 

A pole / feet long, with one end on the ground, touches the top of a wall a feet high and slides 
in a vertical plane perpendicular to the wall. Show that its instantaneous center of rotation is 
at the intersection of the vertical where it touches the ground with the perpendicular to its axis 
where it touches the wall, and that the locus of this center is a parabola having the latus rectum a. 

Solution bt S. W. Reaves, University of Oklahoma. 

Let T be the point at the top of the wall and O the point on the ground through which the 
pole passes at some given instant. Let O be the point on the ground in the same vertical line with 
T, and let be the angle TGO. 

The direction of motion of any point is clearly at right angles to the line joining that point 
to the instantaneous center of rotation. (See Ziwet, Theoretical Mechanics, Art. 23; Demartres, 
Cours de Geomitrie infiniUsimale, Art. 20.) Hence, if the direction of motion of a point be known, 
the instantaneous center C must lie on the normal at the point to the direction of motion. 
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Now the direction of motion of that point of the rod which at the instant coincides with T 
is clearly along the rod. Hence the instantaneous center C is on the normal to the rod at T. 
Again, the direction of motion of the point O on the ground is along the ground. Hence, C is 
in the vertical line through G. 

To find the locus of C, we choose 00 and OT as coordinate axes. Then, 

x = 00 = OT cot = a cot and y = OC = TO esc = a esc 2 0. 

Eliminating between these two equations, we readily obtain 

x 2 = a(y — a), 

which is the equation of a parabola with its vertex at T (0, a), its axis vertical, and latus rectum 
equal to a. The pole being of limited length I, the locus of C is that part of the parabola for 
which < x < V? — a 2 . 

Also solved by H. R. Howard, William Hoover, J. B. Reynolds, and the 
Proposer. 

342 (Mechanics). Proposed by WILLIAM hoover, Columbus, Ohio. 

A uniform rod of length 2a is freely hinged at one end, at the other end a string of length 6 is 
attached which is fastened at its further end to a point on the surface of a homogeneous sphere 
of radius c. If the masses of the rod and sphere are equal, find the motion of the system when 
slightly disturbed from the vertical, and the cubic equation giving the corresponding small 
oscillations. 

Solution by the Proposer. 

For symmetry of notation, let there be three bodies of masses Wi, rrh, m 3 ; of axes of symmetry 
whose lengths are 2a it 2ch, 2a 3 with centers of gravity Oi, O2, Os distant 01, ch, a$ from corresponding 
extremities; radii of gyration about Oi, O2, Os equal to fa, fe, fa; the origin of rectangular co- 
ordinates at the fixed extremity of the highest body, (xi, 2/1), (%, 2/2), (xs, 2/3), the horizontal 
through the fixed point being the axis of x; and let <pi, <&, <ps be the angles which the axes of 
symmetry of the bodies make with the vertical at any time t from the beginning of motion. 
Then, 

xi = ai sin <pi, yi = ai cos <pi, (1) 

X2 = 2ai sin <pi + 02 sin <&, y 2 = 2ai cos vi + <*2 cos <&, (2) 

Xi = 2ai sin <pi +2aa sin <p 2 + as sin <ps, y 3 = 2ai cos <pi + 2az cos w + as cos <p 3 . (3) 

The kinetic potential equation is 

T = Jmj^ 2 + j/1 2 + faW) + hm(& + j/2 2 + feW) + lm 3 (.xs* + y* 2 + faVs 2 ) 

= migai cos <p\ + mtg(2ai cos <pi + 02 cos <&) 

+ msg&ai cos <pi + 2a 2 cos v^ + a 3 cos <p 3 ) = V. (4) 
From (1), (2), (3), ... 

xi = ai cos <pi • <pi, yi = — a sin *>i • <n, (5) 

% = 2ai cos <f\ ■ <p\ + a% cos ^2 • £2, 2/2 = — 2ai sin ot. • £1 — 02 sin ^ • £2, (6) 

»s = 2ai cos <pi • <pi -J- 2ai cos <a • £2 + ci3 cos ¥>3 • £3, 

2/3 = — 2ai sin *>i • OT. — 2d2 sin <pz • £2 — 03 sin wvs- (7) 
These in (4) give 

T = imi(ai 2 + fa% 2 + §»re2{4aiW + 4ai02 cos (<pi - <&)?!& + (a2 2 + fe 2 )f/} 

+ !»i3{4ai 2 £i 2 + 4a2 2 *>2 2 + («3 2 + fa 2 )*>3 2 + 8ai02 cos (<pi — <fv)i>ii>z 

+ 402fl3 COS (tpz — <ps)<P2VS + 4ai053 COS (vi — ps)£l£3} 

= mijai cos ^51 + »W (2ai cos ^1 + On cos ^) 

+ TO 3 ^(2ai cos <pi + 2oz cos <& + 03 cos ^3) = V. (8) 



